Acyl-CoA esters inhibit the plastidial glucose 6-phosphate (Glc-6-P) transporter and the adenylate transporter; the IC,, values for the inhibition by oleoyl-CoA (18: 1-CoA) are 200400 n M and 1-2 p M respectively. T h e inhibition of either of these processes significantly reduces the flux of carbon from Glc-6-P or from acetate into longchain fatty acids. T h e effect is dependent on the acyl chain length, e.g. lauryl-CoA is less inhibitory than oleoyl-CoA, causing 34 and 68 yo inhibition respectively of Glc-6-P uptake after 30 s. T h e inhibition of Glc-6-P and A T P transport is alleviated by addition of an equivalent concentration of acyl-CoA-binding protein (ACBP) or BSA. Acyl-CoAs do not inhibit pyruvate or glucose transporters. T h e endogenous concentrations of acyl-CoAs and ACBP are similar during embryo maturation.
Introduction
Oilseed rape is an important commercial source of vegetable oil [l] . However, the metabolic control of fatty acid synthesis in plants is not well understood. Knowledge of how different metabolites are used co-ordinately to synthesize fatty acids would identify potential targets for genetic manipulation. We have been studying the utilization of metabolites by oilseed rape plastids over the course of embryo development.
Previously it has been established that glucose 6-phosphate (Glc-6-P) is a major substrate for fatty acid synthesis in isolated plastids [2] , particularly in early development [3] . Fatty acid synthesis was found to increase when either acylCoA-binding protein (ACBP) or BSA was added to plastids metabolizing Glc-6-P in the presence of A T P and coenzyme A (CoASH) [4] . The inference was that long-chain acyl-CoA esters (IcACoAs)
Key words: ACBP. acyl-CoA ester, adenylate transporter, glucose 6-phosphate, plastid. Abbreviations used: 18: I -CoA, oleoyl-CoA: ACBP, acyl-CoAbinding protein: Glc-6-P, glucose 6-phosphate: IcACoA, longchain acyl-CoA ester. 'To whom correspondence should be addressed (e-mail rnatthew.hills@bbsrc.ac.uk).
inhibited the Glc-6-P transporter on the plastid envelope. Here we report the results of experiments to test this.
Experimental
Plastids were prepared as described by Johnson et al. [4] . After incubation of plastids with 14C-labelled substrates, the silicone-oil method of Heldt and Sauer [S] was used to separate plastids from the bathing medium and so determine rates of uptake. Analysis of lcACoAs was by H P L C as described by Watmough et al. [6] and ACBP was quantified by Western blotting [7] . Rates of uptake of labelled substrates were described in nmol .unit of NADP+-glyceraldehyde-3-phosphate dehydrogenase-' (EC 1.2.1.9). Fatty acid synthesis was measured as described by Johnson et al. [4] .
Results

IcACoAs inhibit the Glc-6-P transporter
At low concentrations ( < 1 pM) lcACoAs significantly inhibit the uptake of Glc-6-P plastids (Figure l) , causing approx. 70% inhibition of uptake after 2 min. T h e IC,, value is 200400 nM and can be alleviated by an equivalent concentration of ACBP or BSA. Detergents (e.g. Triton X-100) have no effect on Glc-6-P uptake at 5-10 pM. Pyruvate and glucose transporters are not affected by lcACoAs (Figure 1) .
T h e effect of acyl-CoAs on the Glc-6-P transporter is chain-length specific. Only acylCoAs of C,, and above cause inhibition. LaurylCoA (CJ is less inhibitory than oleoyl-CoA (1 8 : 1 -CoA), resulting in 34 yo inhibition after 30 s as opposed to 68 yo inhibition by 18: 1-CoA.
Developmental changes in acyl-CoA and ACBP concentrations
T h e main acyl-CoA in oilseed rape embryos is 18:l-CoA. Its content rises during embryo development from approx. 0.7 to 2.8 pmol.embryo-', while the ACBP concentration falls below that of 18: 1-CoA in late development to 1.9 pmol.embryo-'. It is possible that in late cotyledonary stage embryos there is a pool of 18:l-CoA not bound to ACBP which potentially inhibits the plastidial Glc-6-P transporter. 
Time (s)
This may be one factor involved in the apparent change which occurs in the utilization of metabolites from Glc-6-P to pyruvate in plastids from mature embryos [2] .
Acyl-CoAs inhibit the adenylate transporter
T h e synthesis of fatty acids from [l-'4C]acetate significantly increases with the addition of A T P ( Figure 2) ; this is due to the requirement for A T P by acetyl-CoA synthetase (EC 6.2.1.1). This effect is reversed by the addition of exogenous 18: 1-CoA (2 pM) but subsequently restored by the addition of an equivalent concentration of an acyl-CoA binding protein (BSA). In addition, fatty acid synthesis is inhibited with A T P and 1-2 pM, higher than the Glc-6-P transporter.
Discussion
T h e compartmentalization of metabolism in plants places importance on transport proteins that supply metabolites and cofactors for the enzymes of metabolic pathways. T h e current work demonstrates that the ratio of acyl-CoAs to ACBP is important, as in the animal kingdom [8] , in regulating certain transporters and effectively changing the flux of carbon through pathways, e.g. fatty acid synthesis. In animal cells acyl-CoAs affect a number of processes, including the inhibition of Glc-6-P transport [9] ; the situation is not quite analogous to plastids because, in animals, the transporter is part of an enzyme complex and does not bear significant amino acid sequence identity with the Glc-6-P transporter from Arabidopsis. In animal cells the adenylate transporter is also inhibited by acyl-CoAs [lo] .
